Abstract
Introduction
Spirulina platensis is one of the species of cyanobacterium microalgae that has gaining recent attention because of its nutritional and medicinal properties. Several studies reported the potential use of Spirulina biomass due the high presence of proteins, vitamins, minerals, antioxidant and anti-inflammatory compounds as the phycocyanin [1, 2, 3] . Despite this, the Spirulina is very perishable due its high moisture content that contributes to degradation, hamper transport and storage, and reduce the shelf life. Thus, it is necessary apply a drying technique that allows use properly this material in food or pharmaceutical industries.
The most traditional methods used to drying microalgae are spray drying, freeze-drying, solar drying and convective hot air drying [4, 5] . However, the rotary dryers appears as an interesting alternative because their flexibility and high processing capacity. Conventional rotary dryers have flights, which lift solids and make them cascade across the dryer section. Most of the drying occurs during the free fall of solids from the flights, because of the large gas-solids surface contact area [6] . However, conventional rotary dryers are typically used for granular materials and are not suitable for pastes. Thus, the use of an inert bed (as metal or ceramic spheres, for example) is an interesting alternative for paste drying in rotary drums, since the inert increase the contact surface between hot air and material, and prevents the loss of material on the walls and dryer structures [7, 8] .
In the present work, the drying of Spirulina platensis in a rotary dryer with inert bed was investigated. The effects of process variables on the drying yield was quantified and the impacts of these variables on the main bioactive compounds contents (total phenolics, total flavonoids, citric acid and phycocyanin) were also analyzed.
Materials and Methods

Raw material
The microalga Spirulina platensis used in this study was provided by the company Brasil Vital, located in the state of Goias, midwest Brazil. The material was previously filtered in vacuum, stored in small portions and frozen in a freezer.
Experimental apparatus
The experimental apparatus, shown in Fig. 1 , consists of: a radial blower (Kepler-Weber, 112M), an electric heater connected to a voltage variator to adjust the air temperature, the rotary drum coupled a rotation system composed by a motor and frequency inverter (WEG, CF08) to control the rotation speed, and a Stairmand cyclone separator (diameter 10 cm) with a flask in its underflow to collect the dried material. The Spirulina in natura were fed in the system with a peristaltic pump (Masterflex, 7553-70) connected to a velocity variator.
The rotary drum used in this study was a stainless steel cylinder with 12 cm of inner diameter and 36 cm of length. Three stainless flights with 2.5 cm are also placed into the drum for uniform axial distribution of inerts during the drying. The inerts particles used were porcelain spheres with diameter of 1.9 cm and density of 2.32 g/cm 3 . Fig. 1 Experimental apparatus.
Experimental design
The experiments were conducted following a orthogonal central composed design with four independent variables and two replicates at the center level, totaling 26 experiments. The independent variables analyzed were: the air temperature (T), feed intermittence (FI), inert filling degree (FD) and rotation speed (RS). In each experiment were used about 100g of Spirulina microalga. The coded and real variable values are shown in Table 1 . The Air Temperature (T) was measured at the inlet of the drum. The wet Spirulina was fed in cycles, in an intermittent system of feed of 10 g of material and a rest for a determined time (defined as the variable Feed Intermittence). The Filling Degree (FD) was calculated based in the cylinder geometry and the properties of inert bed, as density and porosity, and the rotation speed (RS) were measured using a digital tachometer. The response studied was the Drying Yield (DY), that is the percentage ratio of the quantity of material (dry base) collected in the cyclone underflow to the quantity of microalga fed into the dryer (in dry base).
Analysis of bioactive compounds
The experiments with the highest values of Drying Yield (DY) had their bioactive compounds analyzed to evaluate the impact of the operational conditions on the quality of the final product. The total phenolics content (TPC) was determined by the FolinCiocalteau method [9] . The total flavonoids content (TFC) was determined using the method described by Zhishen et al. [10] . The acidity (CA), expressed in the presence of citric acid in the samples, was determined by AOAC [11] method. The phycocyanin content (PC). was performed based on the methodology of Costa et al. [2] .
Results and Discussion
Analysis of dehydration yield (DY)
The most significant operating variables can be observed in Equation 1, through the parameters obtained by the multifactor ANOVA (R 2 = 0.9048 and α = 0.10). The effect of the studied variables on the drying yield can be visualized in Figure 2. (1) The variables: filling degree (FD) and rotation speed (RS) presented non linear effects on the DY (Equation 1 and Figure 2a) . In general, the experiments performed at higher values of these variables produced a great quantity of dried material, hence the best results of DY. The effect of the temperature on DY was present by means of the interation with intermittence (FI) and rotation speed (RS). The best results were obtained with the association of low temperatures and high levels of RS or with intermediate levels of RI, as can be seen in Figure 2b and Figure 2c .
The analysis of the results showed that the higher drying yields can be obtained in experimental conditions of high Filling Degree (FD) and Rotation Speed (RS), combined with Intermediate Feed Intermittences (FI) and low process Temperatures (T). For the conditions of the experimental design, the highest values of DY were obtained in the Experiments expressed in the Table 2 . The bioactive compounds content obtained in the four experiments showed in Table 2 are presented in Figure 3 . It can be observed that for the experiments performed in the conditions that led the greatest yields, the main bioactive compounds were preserved, indicating that this drying methodology has good effect on the quality of final dried Spirulina. This bioactive content behavior was also also related by Chism & Haard [12] that observed the liberation of these compounds accumulated in vegetal cell organelles as vacuoles, due to rupture in the internal structure of the material during the moisture removal. Dorta et al. [13] also claimed that inactivation of certain enzymes responsible for the degradation of bioactive compounds can occur during the drying process, resulting in their preservation.
Conclusions
The drying of microalga Spirulina platensis using a rotary dryer proved to be an interesting alternative for use of this material. All the variables analised showed statistical significance in the results of yield. The combination of low temperatures, high filling degree, high rotation speed and intermediate feed intermittence allowed obtain the highest drying yields. It was also possible obtain bioactive compounds content near than present in fresh biomass in the experiments analyzed, indicating a positive effect of this process of moisture removal on the final quality of dried product.
